Objective. Although higher hospital volume has been associated with better outcomes for many surgical procedures, this relationship does not appear to hold for most common medical diagnoses. We evaluated whether there is a volume-outcome relationship for a rarer and higher-mortality medical diagnosis, esophageal variceal bleeding.
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Hospital volume is a frequently studied potential predictor for 13 procedures but for only one medical diagnosis [1] .
Although higher volume hospitals might admit patients with of quality of care. Although it may be correlated with physician volume or teaching status, it may also capture an institution's more severe illness, there have been no published studies showing worse outcomes with higher volume [3] . In addition, multidisciplinary expertise and availability of supportive facilities. In addition, new advances in therapy may be adopted studies of teaching hospitals have also shown significantly lower mortality for surgeries but very small or insignificant more quickly at hospitals that treat higher volumes of certain illnesses. The volume-outcome relationship is of particular benefits for common medical illnesses [5] [6] [7] , despite increased resource use [8] . importance because regionalizing care for high-risk surgeries or diagnoses might reduce population mortality [1] [2] [3] [4] . Higher
Esophageal variceal bleeding is a common complication of cirrhosis with a mortality of 17-42% per bleeding episode volume might also improve the efficiency of care and reduce resource use. [9, 10] . Preventing death from variceal bleeding requires adequate and timely resuscitative measures, specific treatments A recent literature review found that, for conditions with a study of sufficient quality to be included, the best-quality aimed at arresting the bleeding quickly, and skilled management of the liver disease and secondary complications [9] . study showed that high-volume centers had lower mortality In Maryland, the presence of trained specialists such as hepatologists is correlated with hospital volume. We therefore applied the methods used to study hospital volume for surgeries to esophageal variceal bleeding because, compared with broader medical diagnoses that have shown small or insignificant differences by volume [3] , variceal bleeding is rarer, mortality is higher, and care is more dependent on procedures and multidisciplinary expertise that may not be available in smaller hospitals.
Specifically, we performed an analysis of Maryland hospital discharge data to assess whether increased hospital experience with variceal bleeding was associated with decreased inhospital mortality, length of stay, or hospital charges for such patients.
Methods

Study design and data sources
This study was a retrospective, cross-sectional analysis of administrative claims data from 1992 to 1996 using the Maryland Health Services Cost Review Commission (MHS-CRC) database. This database includes information on all admissions to acute-care non-federal Maryland hospitals, including International Classification of Diseases: Ninth Revision, Clinical Modification (ICD-9-CM) [11] codes for up to 15 discharge diagnoses and procedures, diagnosis-related group (DRG) codes, patient demographics (age, sex, ethnicity, and insurance status), in-hospital mortality, total hospital charges, and hospital length of stay. The database does not include other clinical, endoscopy, physical exam or laboratory information, or data on the patient's course before or after the hospitalization.
To assess the quality of the data, the validity of our inclusion criteria and the presence of potential confounders not captured in the claims data, we also used the Johns Hopkins Hospital case-mix database. This includes the same information as the MHSCRC database, as well as unique patient identifiers allowing linkage to discharge summaries. The Johns Hopkins Joint Committee on Clinical Investigation Figure 1 Requirements for case definition for esophageal approved this study.
variceal bleeding.
Definition of cases of esophageal variceal bleeding
We developed a clinical definition of esophageal variceal bleeding based on the literature and consultation with experts. definition. We performed a sensitivity analysis to these assumptions by repeating the analysis with a sensitive (less Based on this, we then developed an algorithm for identifying patients who fit this clinical definition as accurately as possible conservative) coding case definition.
We excluded liver transplant patients, because they would using the codes available in the administrative database. Our clinical definition of esophageal variceal bleeding was have very different mortality and resource use. We also excluded elective admissions in all analyses. For the specific endoscopically verified identification of actively bleeding varices in a patient with cirrhosis, significant enough to be the coding case definition, we also excluded cases with a primary diagnosis or procedure code inconsistent with the diagnosis primary reason for non-elective admission to a hospital. Figure 1 shows the algorithms that we used to best identify of variceal bleeding and any cases that did not have a procedure code for esophagoscopy. Because we were unable patients who fit this clinical definition using codes available in the database. Because there may be errors in coding to determine the ultimate outcome of patients who were transferred out to other hospitals, these patients were also medical diagnoses in administrative data, we performed our primary analyses with a specific (conservative) coding case excluded.
Validation of the case definitions
liver disease that have been associated with increased mortality in variceal bleeding, based on a review of the literature. We To estimate the specificity and sensitivity of our primary defined these markers using ICD-9-CM codes, as shown in coding case definition, we reviewed all discharge summaries Table 1 . These included the presence of alcoholic liver disease, from the Johns Hopkins Hospital discharge database with a hepatocellular carcinoma, hepatorenal syndrome, encode for variceal bleeding in the defined time period. We cephalopathy, ascites, and coagulopathy [17] [18] [19] [20] [21] [22] . We also then determined whether each discharge summary fit our adjusted for whether or not a transjugular intrahepatic portodefinition of variceal bleeding. To estimate the sensitivity of systemic shunt (TIPS) was performed; since this may have the coding case definition, we reviewed a random sample of been in the causal pathway, we conducted a sensitivity analysis 20 cases of each of five diagnosis and procedure codes that without adjusting for TIPS. might identify patients with variceal bleeding but did not
We performed several additional sensitivity analyses. We include a code for it. We also reviewed records for the repeated the analyses using the Charlson-Deyo score [22] accuracy of the MHSCRC's data on in-hospital mortality and instead of the APR-DRG complexity score for risk adlooked for potential factors in the process of care that might justment. We repeated the analysis by categorizing hospital explain differences in mortality.
volume differently, by bifurcating by number of admissions. Finally, since the ultimate outcome of patients transferred Data analysis out to other hospitals could not be obtained from the database, we also reanalyzed the data by including these Descriptive analyses were performed for pertinent inpatients with randomly imputed mortality rates, total charges, dependent variables including age, sex, race, Medicaid status and length of stay using the distribution of values for patients (a proxy for lower socioeconomic status), All Patient Refined transferred in to other hospitals. (APR)-DRG [12] complexity score, transfer status, cause of Analyses were conducted using STATA Version 6.0 software liver disease, type of procedures performed, comorbidities, (Stata Corporation, College Station, TX). known predictors of mortality in variceal bleeding, and hospital volume. Descriptive analyses were also performed for the three outcome variables (in-hospital mortality, hospital length of stay, and hospital charges). Total charges were Results adjusted for inflation to 1996 dollars using the medical care component of the consumer price index [13] .
Validation of the main case definition, mortality, The distribution of hospital volume was not continuous and potential explanations for differences in and there were no clear divisions by exploratory data analysis. mortality Therefore, we divided hospitals into tertiles based on the Of 154 cases satisfying the inclusion criteria for the main distribution of admissions, consistent with the quality re-(specific) case definition, 76% of discharge summaries were commendations in a recent review article on the hospital definitely consistent and 10% were possibly consistent with volume-outcome relationship [1] . The reason for this rethe definition of variceal bleeding. Of a sample of 100 cases commendation is to reduce bias from variability between not identified by the most sensitive case definition, but with individual hospitals. To compare the characteristics of patients an ICD-9-CM code for a related diagnosis or procedure, only between hospital volume groups, we performed bivariate 7% had a discharge summary consistent with variceal bleeding. analyses using the chi-square test and ANOVA. To assess
The mortality from the discharge summaries consistent how the outcomes related to the independent variables, we with the specific diagnosis of variceal bleeding was 21%, performed bivariate analyses using the chi-square test when similar to the 19% unadjusted mortality determined for this mortality was the dependent variable, and the student's t-test hospital using the MHSCRC database. When we reviewed when log-transformed charges or length of stay was the summaries for potential processes of care that may have dependent variable. Because both length of stay and total affected mortality, we also found that many of the patients charges were highly skewed, we used the modified Park test who died had care stopped or withdrawn during the last days [14] to determine the best regression method, and used the of life because they were so ill that further treatment was robust generalized linear model with the gamma family and not felt to be beneficial. log link to compare these variables [15] .
We then performed multiple logistic and linear regression Patient characteristics with the robust generalized linear model with the gamma family and log link to determine whether the outcomes were Of the 2883 hospitalizations with codes for variceal bleeding, related to hospital volume. We accounted for patient clustering 1654 fit the main case definition (58%) ( Figure 1) ; this group within hospitals using multilevel modeling and robust vari-of patients is described below. Forty-nine hospitals had at ances [16] . We adjusted for age, sex, Caucasian ethnicity, least one admission that met the inclusion criteria for the Medicaid status as a proxy for lower socioeconomic status, specific case definition; seven were high volume, 13 were transfer from another hospital, and year of admission. We medium volume, and 29 were low volume. Two hospitals adjusted for complexity of illness using the most widely used had no admissions that met the inclusion criteria. The dissystem for determining risk of mortality, the APR-DRG tribution of patients by hospital is shown in Figure 2 . The average age of patients was 56 years (range 18-93 years), system [12] . We also adjusted for markers of the severity of ....................................................................................................................................................................................................................... Significant difference between all three groups at P < 0.05.
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The complexity score is on a scale from 1 to 4, where 4 indicates highest complexity.
cephalopathy, 30% for ascites, and 6% for TIPS. The distribution of patient characteristics by hospital group is shown in Table 1 . Significant differences for the highest volume hospitals included a lower percentage of Caucasian patients, younger patients, more patients with Medicaid insurance, more patients with the highest complexity score, and more patients transferred in from other hospitals. Overall mortality was 15%; the range among hospitals is shown in Figure 3 . Among all hospitals, overall median hospital length of stay was 6 days (range among hospitals 1-10.5 days) and overall median total hospital charges (adjusted to 1996 dollars) were $9000 (range among hospitals $2000-20 000).
Changes over time
There was no significant change in the annual number of cases statewide over the 5-year period, nor in the percentage of cases in the high-volume group. There was a significantly Figure 2 Distribution of esophageal variceal bleeding in increased percentage of patients transferred between hosMaryland hospitals, 1992-1996. pitals (from 4 to 8%, P = 0.02) and a trend toward a higher percentage receiving TIPS (from 4 to 8%, P = 64% were male, 72% were Caucasian, and 19% had Medicaid 0.10). Most patient characteristics were stable, except for insurance.
increases in the percentages of patients with hepatorenal Fifty-eight percent had a code for cirrhosis from alcohol, syndrome and ascites. In-hospital mortality and inflationadjusted hospital charges did not change over the 5-year 4% for hepatorenal syndrome, 16% for hepatic en-period, but length of stay did decrease (from 9.8 to 7.5 days, P < 0.001).
Role of TIPS
Surgical portacaval shunts are now rarely performed in the state of Maryland; almost all patients who need a shunt now receive TIPS performed by interventional radiologists (personal communication). Most TIPS were performed at a few medium-or high-volume hospitals; 22% of hospitals performed no TIPS, and the highest percentage of patients receiving TIPS at a hospital was 50%. Patients who received TIPS had significantly higher mortality (22% versus 14%, P = 0.02), inflation-adjusted total hospital charges ($42 000 versus $13 000, P < 0.001), and length of stay (16 versus 8 days, P < 0.001) than patients who did not receive TIPS. Figure 3 In-hospital mortality from esophageal variceal bleed-Patients with TIPS also had a higher complexity score (64% ing in Maryland hospitals, by number of cases seen at hospital versus 34% with a complexity score of 4, P < 0.001), and a from 1992 to 1996.
higher proportion had some markers of severity of illness, such as ascites (45% versus 29%, P = 0.001). The differences Significant difference at P < 0.05, using log transformation for charges.
in total charges and length of stay persisted both for patients who had been transferred, and using the Charlson-Deyo comorbidity score did not significantly change the results of who died and those who survived hospitalization.
the regression analyses either.
Relation of hospital volume to outcomes
In bivariate analyses, as summarized in Table 2 , male sex, Discussion non-Caucasian ethnicity, emergency room admission, higher complexity score, and TIPS were all significantly associated Many studies using administrative data and similar methods with higher in-hospital mortality for esophageal variceal bleedhave found that higher-volume hospitals have better outcomes ing. As summarized in Table 3, many clinical factors were for varied surgical procedures. We therefore hypothesized also associated with mortality, length of stay, and hospital that after adjusting for confounders and severity of illness, charges.
higher hospital volume would be associated with better Neither in-hospital mortality nor total hospital charges outcomes for patients with esophageal variceal bleeding, a were significantly different by hospital volume group after high-mortality medical illness with a high incidence of proadjusting for differences in patient characteristics, as shown cedure use. There are several potential explanations for why in Figure 4 (P = 0.89). Male gender, age >65 years, emergency we did not find a hospital volume-outcome relationship. room admission, year of admission, a high complexity score, First, this relationship may not exist for all procedures and hepatorenal syndrome, and encephalopathy were independent settings. A recent systematic review found only 13 procedures predictors of mortality in the multivariable model. After where this relationship held [1] , and another large study found adjusting for the independent variables listed above, there relationships for only five of 16 procedures evaluated [25] . was also no significant difference in length of stay by hospital High-risk, non-acute procedures may be more likely to show volume group. The risk adjustment in the model showed a benefit [1] . good calibration (Hosmer-Lemeshow, P = 0.57) and disSecondly, we found that risk adjustment accounted for crimination (c-statistic = 0.82) [24] . much of the difference between hospital volume groups, and many other studies of hospital volume have performed limited Sensitivity analysis risk adjustment. A recent large study of eight intermediateThere was no significant difference in mortality by hospital complexity surgical procedures within the Veterans Advolume in any of the alternative analyses that we performed ministration did not find any effect of hospital volume either, to test the robustness of our model. Our results did not possibly because they were able to perform more accurate change when we used a more sensitive case definition. Using risk adjustment with their prospectively collected data than in most other studies [26] . hospital volume as a continuous variable, including patients in its ability to account for the severity of the primary illness requiring the surgical procedure or medical admission. A major difference between surgical and medical diagnoses is the issue of in-patient transfers versus outpatient referrals. Although transferred patients are often more ill and more costly than non-transferred patients [27] , one study showed that referred patients (those from outside the local catchment area for a hospital) had 33% lower mortality, possibly because patients of higher socioeconomic status and lower severity of illness may be more likely to travel for surgery [28] . We did adjust for transfers in our study, but very few comparisons of procedures have adjusted for referrals or distance traveled. Finally, anecdotal evidence suggests that some lower-volume hospitals may have better mortality because they systematically identify and quickly transfer patients more likely to benefit from the care available at the higher-volume centers.
Mortality is a limited indicator of the spectrum of quality of care, and has a different meaning in relatively healthy patients undergoing elective surgery and in patients with a life-threatening complication of a serious illness. In fact, the conditions that have shown the strongest relation between volume and in-hospital mortality are those where the longterm prognosis is most limited (surgery for pancreatic and esophageal cancer) [1] . One recommendation of the recent Institute of Medicine report on this topic [3] is that studies investigate processes of care to determine why the hospital volume-outcome relationship does or does not exist for a particular condition. Our discharge summary review revealed that many patients were so ill that further care was felt to be futile and was stopped or withdrawn.
Our study had several limitations that are common to most studies evaluating the volume-outcome relationship. Although our database contained many of the predictors that have been shown to be associated with mortality from variceal bleeding, these may be undercoded because the frequency is somewhat lower than in clinical studies [17, 19] . However, many factors in our model, such as the complexity score, Figure 4 Unadjusted and adjusted in-hospital mortality and were highly predictive of mortality so we should have been hospital charges for esophageal variceal bleeding, by hospital able to account for much of the severity of the variceal volume group. bleeding episode. We also found in our validation that, although our case definition appeared to capture most of the cases of variceal Our results are consistent with other recent studies that bleeding in the database, some cases were inaccurately coded have shown greater benefits for surgical than medical proas patients with variceal bleeding. The proportion of cases that cedures in comparisons of teaching and non-teaching hoswere inaccurately coded is consistent with the findings of a pitals [6, 8] . Although our sample size was comparable to recent systematic review that rarer diagnoses tend to have many of the surgical studies, we did not have sufficient power higher rates of inaccuracy [29] . Ethnicity and Medicaid insurance to detect the difference of <5% which was found for many are also an incomplete representation of socioeconomic status, of these diagnoses; differences for procedures are often much which may be an important predictor of mortality for a disease higher. Although the reasons for the hospital volumelike cirrhosis which disproportionately affects underserved outcome relationship and differences between conditions populations. Finally, although we could not account for any have not been well explored, it is possible that high-volume post-discharge effects of differences in care between hospital hospitals are better at coordinating care and taking advantage groups, comparisons of hospitals do not tend to differ when of the available expertise in some clinical situations [3] .
comparing in-hospital and 30-day mortality [30] . It is also possible that the potentially inadequate risk Although many studies have shown a volume-outcome adjustment inherent in any retrospective study favors prorelationship for surgical procedures, most of this research cedures over diagnoses. This may be particularly true for has used administrative data with limited risk adjustment. It most of the studies of the volume-outcome relationship, which use administrative data. Administrative data is limited is unclear why this relationship should only hold for some 15 
